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(34) IMPROVEMENTS IN FISCHER-TROPSCH SYNTHESIS

(71) We, SOUTH AFRICAN CQAL,
QIL.  AND GAS  CORPORATION
LIMITED, of Klasie Havenga Road,

Sasolbury, O.F.5., Republic of Soath Africa,
2 Sonth African Corporation, do hereby
declare the invention, for which we pray that
& patent may be granted to us, and the
metiad by which it is to be performed, to be
particularly described in and by the Tollowing
SHULEIent;—.

The present invention relates w0 2 Fischer-
Tropsch synthesis process for converting gases
coptaining carbon monoxide and hydrogen
{(and carbon dioxide) in the presence of a
Fischer-Tropach catalyst into finid products
ranging from gaseous to liquids boiling up o
and including the deisel oil range, preferably

were carried our with a caralyst of the jron

type.

The igvention is particularly applicable to
the synthesis of hydrucarbons, in particular
aliphatic hydrocarbons of low to mediom male-
enlar weight, szy ranging fromm methane up 1o
hydrocarbons boiling in the diesel ofl range.
The reaction conditions can, however, be
adjusted to produce greater or lesser relaijve
yields of oxygenated compmmds as well, in
partictlar alcuhols, fatry acids, esiers, ketones
the person
skilled
Tropsch processes are generally carried out at
temperatures not exceeding zbour 250°C. Con-
ventionally fixed bed Fischer-Tropsch reactors
are ysually operated at pressurcs up to about

27 kg/cm®, whereas moving flnidized calafyst -

Teactors are operaicd at pressures up to ahot
20 kg/cm®, In order to increase the conversion
rates it is desirable to carry out the synthesis
at comparatively high temperatures, more par-
ticnfarly from 250°C upwards. At such higher
temperatures however, in particular above
280°C, there is a rendency for the rate of
cutbon deposition on the varalysr to increase,
and this can effect the economics and prac-
ticability of the process adversely. The exact
fimits within which the rate of carbon deposi-
tion {s acceptable will vary from casc to case,
being very low in rcactors which do not per-

mit easy or inexpensive replacement or rcgen-
eration of the catalyst. A higher level is accept-
able e.g. when using a circulating catalyst, pas-
ticularly an inexpensive iron catalyst.

From the literature one would have expected
that the rate of carbon deposition on Fischer
Trepsch catalysts, in particular on iron cata-
lysts, is simply dependent on the ratio of
hydrogen to carbon imonoside concentrations
present or on the partial pressure of hydrogen
alone. However, surprisingly thar has mow
been found to he incorrect ar higher tempera-
tures,

It is an object of the invemtion o provide
4 process by means of which the rate of car-
bon laydown cen be kept within acceptable
limits at comparatively high temperaiurcs,
even though the ratio of hydrogen 1o carbon
manoxide may be comparatively low,

In accordance with the present invention
there is provided a process of the afaresaid
type comprising the feature thar it is carried
aut at temperarires from 280°C upwards and
that the “carbon deposition factor”, defined
a8

Pco/ 9332 x 10®

wherein p., and

Pu

2
ure the partial pressures of carbon monoxide
and hydrogen measured in the feed Bas eniry
tegion of the comversion space in unity of
kg/em?, 15 adjnsted to a value of up to at the
most § (kg/em®Y 2 and that ar the same timc
¢ baswcity of rthe catalyst is set to a value
equal 16 thar of a purc iron catalyst to which
has been added berween zero and 0001 ¢
K.0/m?® (both values include 3 of effective
catalyst surface, subject to the further limita-
tion that where the earbon deposition factor
equals vr cxceeds 4 {kg/em?)~2, the basicity
as above defined is less than 0.0005 g K.O/me.
Thus the rate of carbon build-up iz pro-

portional to -
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There figures apply with a small margin of
safety to the case where a ratc of carhon build-
up of up 10 4 g carbon/100 g catalyst/day is

-acceptable. Surprisingly that rate of carhon

build-up is tolerated readily by processes
carried out with a1 circulating floidised iron
caralyst,

In order to have a greater margin of safety
it is sonletimes preferred 1o maintain a carbon
deposition facior net exceeding 4(kg/am®y 2,
In thar case, applying the basicity criteria
according to the previous paragraph, the rawe
of carbon build-up cun be limited to about
helf ‘the above value, ie 2 g carbon per
100 g catalyst per day.

Aliernatively, by limiting the carbon depo-
sition factar to 4, preferably 2, it becomes

possible (without excessive carbon baild-up
rates) 1o use a catulyst of intermediate basicity,
provided it is less than g basicity equul to an
iron caralyst containing besides iron 0.0065 g
K.0/m? “of effcetive catalvst surface area.
Such higher hasicities may be desiruble if the
product is to contain a compuritively high
content of highcr homologues of methanc,
Thus 2 hasicity equivalent 1o thar of a pure
iron caralyst promated exclusively with botween
0.0001 and 0.0005 g KO0/m® of effecrive
catalysr surface iy usually preferred, a typical
preferred upper limir being 0.0002 g K.0/m=.
An adequare margin of safety is usually
attainable when the upper Nmite of basiciry,
taken as values eqnal to a given pure iron
catalyst promoted exclusively with the staged
amount of K,O znd the corresponding upper
limits of the “carhon depasition factor™ are
selected in accordance with the following table

Peo :
carbon dep. factor % 10% {kg: cm?)™® gi,0/m* of catalyst
3
P,
2 0.an0s
3 0.0002

and interpolated values as well ag extrapolated
values herween the Limits of 0.0001 and 0.001
g K0 /me,

More accurarely, when accepting 4 g carbon
per 100 g catalyst per day ag an acceprable
rate of carbon build-up, the aforesaid upper
limit of basicity and carbon deposition facror
are inferrelated by the fermula:

C=13 ~ax 10,
whereln C is the “carbon deposition factor

x 107 (kg/cmey—
g

2

and a is the basicity expressed in torms of
g/m* of K. cvenly distributed in Taare iron
catalyst so as o artain thar parricular basicity,
within the limis of 0.0001 and 0.00] g
E.O0/m2,

The above applies more particularly o tem-
peratures hetween 300 and 340°C. The for-
mula can be gpplied at higher temperanmes if
2 correspondingly higher rate of carbon uild-
up is acceprable or if un-appropriate correction
factor (or margin of safety} is taken ingo
account, _

Within the above basicity Hmits the upper
limit of the carbon deposition Tactor is dircerdy

proportien (for pracrical purposes) ¢ the
acceptable rate of carbon build-up. Accord-
Ingly there is also provided in sccordance with
the invention 2 methed of contralling carbon
deposition  in Fischer-Tropsch  synthesis
between 300 and 340°C up 1o 2 predetes-
mined “acceptzble” upper limir of

b {g carbon/100 g catalyst/day],

wherein the vpper limits of basicity, taken as
values equal to » given pure iron catalyst pro-
mated exclusively with the stated amouns of
F.0 and tha cortesponding npper limits of the
“carhon deposition factor” arc selecred in
accordance with the following formnla

b
C o= —[13wax10°]
4

wherein C and a have the szme NILARINgS a8
sbove,

‘The munerica! value of the carbon deposi-
tion factor will obviously vary depending on
the unirs of pressure employed.

In the present process it is preferred ra
operate from pressures of 32 kg /om® upwards,
cven in the casc of 2 moving Huidised catalyst
reactor, more particularly up to 70 kg/eme,
say in the range of 35—70 ke fom® therehy
lower the carbon depesition facior,

3¢

35

65

70

75

85



1,439,007

10

15

20

25

30

35

40

45

50

35

For a given partial pressure of carban mon-
uxide it 5 also possible in accordance with the
Present tzachings o decrease the rate of carbon
deposition by ouly increasing the partial preg-
sure of hydrogen.

Surprisingly the partial pressure of carbon
diexide which has a decided infivence on the
composition of the synthesis products has vir-
tmally no infiuence on the ratc of carbon for-
mation.

As will be readily understood there will be
practical limits vo the mirimum value of the
puramerer

(PGO/P“EE) x 108,

depending on the composition of the products

_simcd ar. For example, for making a 1000

BT gas at « pressure of 70 kg/em® with &
catalyst of zero alkalinity 2nd at 320°C, the
minimum valus of that parameter i about
1(kg/cm?y# for an acceptable carbon bujld-
up raie of -2 /100 g catalyst/day, or
2(kgfem?y—* if double that build-up ratz is
accepted.

Although certain embodiments of the inven-
tien can be carried out even ar higher tem-
peratuzes, it is preferred to carry out the pro-
ccss berween 280°C and 45 /°C, more prefer-
ably between 300 and 400°C, more con-
veniently still between 300 and 360°C, the

-uptimum teraperature range from various pric-

tical points of view at present bzing considered
0 be hetween 305 and 330°C or at an avarage
of about 320°C,

For the aforesaid dcfinitions of basicity, a
substantially purc iron catalyst, promoted only
with the respective amounts of KO, fused and
ground in the normal manner, was taken as
standard for comparison. As will be readily
undersivod by the person skilled in the art,
the basicity of such caralysts can be varied in
a variety of manners te achieve degrecs of
basicity which are etnpirically comparable
with 4 given conceniration of K.O in pure
iron catalyst (normally obtained from miil.
scale). Thus for example, more Na,0 must
be cmployed to achieve the same degree of
basicity as a given amount of K,0. Byen high
concentrations of lithium oxide achieve a com-
paratively low increase oty in basieity for the
purposes of the present invention. On the other
hand, the ctfeet of small additions of caesinm
oside or rubldium oxide iy comparatively
greater than that of the same amount of K.0.
Actd components such as Sy or Ty, Tesult
in 4 lowering of the basicity,

Structural” promoters such as magnesiim
oxide, alumintm oxide, calcium oxide, tita-
niom oxide, chromium exide (Cr.0,),MnO
etc. have the effect of increasing the effective

surface ares of the catalyst, and accordingly
lowering the basicity per nnit of effective sur-
face ares,

In addition the ogverall activity of the cata-
lyst can be adjusted in manners known per se
by the judivious addition of Group VIII (e.p.
cobalt, nickel, platinum) and Gruup ID (e.z
copper) elements,

In principle the present invention is not
limited to any particslar type of synthesis
reactor.  Howcver, Dbecause  the process fs
carried out ar comparatively high tempera-
mires, it is preferred o carry out the process
In those types of reactors which {acilirare
thermal control. More particalarly, it is pre-
ferred to carry out the brocess with 1 catalyst
maintained iz an expanded condition by pas
flowing therethrough either in g dilute phase
expanded condition, i.e. a gus-cnrrained con.
dition or in a dense phase Awidised condition,
i.e. either 2 moving or stationary fluidised bed,
If it is desired to operate under fixed catzlyst
bed conditions, it is preferred to employ what
Is known a5 5 diluted tixed bed,

Iz will be readiiy understond by those skilled
in the urr thar the performance of the prescnt
process does not depend entirely on the gas
composition of the feed gas, but on the com.
position of the gas throughour its passage
through the reactor. The partial pressure of

carbon monoxide undergoes a very substantigl -

change from the feed end 1o the ourlet end of
the reacror, whilst partial pressuves of hydrogen
and of carbon dioxide change less substan-
tally. Alse, in known twpes of reactors, the
general patterns of these changes are sibstan-
tially similar, Accordingly, ir is possible from
a practical point of view to define the para-
mciers of the process in accordance with the
invention with reference to the composition of
the parrial pressures of the components of the

synthesis gas in the feed £as entry region of the
Tencior.

Example.
To illustrate the heneficial effect of hipher
pressures (e, lower

p(_-f,/p“;; values)

on the rate of carhon deposition the dara in
table 1 {which can be extrapolated for higher
pressures ) is presented. The catalyst used was
ope of intermcdiate basicity consisting of jron
and some KO (corresponding to Approximata
0.0005 g K.0/m* of effective sutluce area),
The catalyst bad been prepared from mill-
scale. All the data of table 1 wore obtained at
& temperatare of 320°C, und the samc feed
B4s composition and recycle ratic was used
throughout,
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4
TABLE |
REACTOR INLET
Tolul Carbon
pressure HJFTO ey Prp Peg DCO_!pst deposition
kg/em® ratin kg / dm? ke/om®  kesem? < 107 rate w
9.6 4.6 3.94. .91 1.12 i5 17
13.1 13 5.27 1.19 1.55 1.5 9
18.4 4.6 7.45 l.62 1.90 3.9 4
219 3.0 9.85 1.97 211 2.1 2.6

* g carhon/100 g Te per 10O h.

Note that in spite of the increasing CO
partial pressure the rate of carbon laydown
decreases which indicates thar the Py zlone

5 certainly does not control carbon cpaosition,
The increase in pardal pressure of H, cleasly
more than compensates for the increase in
CO pressure. Furthermore, it can be seen that
the carhon deposition rate {which correlates

10 with the carbon deposition facror) bears no
relation with the H,/CO ratio,

Even though it might appear from table 1
that the total resctor pressure also correlates

with the rave of carbon deposition, this is not

s0 in general. Thus all the data presented v 15
tables 2 to 5 below arc all ar the same total
pressure, yet the carhon deposition rates Vary
widely, The only consistent correlation is that
with the carbon deposirion factor ag herein
definad,

To further iftustrate that the hydrogen pres-
sure is importunt and nat only the CO pres-
sure in controlling earbon laydown the datm
in rable 2 is presented,

20

- TABLE 2
REACTOR INLET
H,
Carbon
P
7 L. D co Co w103 deposition
H, Co Co, ratio =
Lg/om® kefom? ke/em? " H, rate
6.12 1.23 1.27 3.3 5.3 1.5
7.25 1.7 0.91 4.1 4.f 5.6
10,1 [.69 .71 6.0 1.6 2.0

In thesc mns the CO partial pressures were
very similar while the H, pressures were
varied. With increasing hydregen pressure the
carbon deposition clearly decreased,

30 That the CO, pressure does mor influence

the rawe of carbon formation is illustrated in
the data in mable 3 where the CO and H,

pressurcs were kept virmally copstant while
the CO, prassure was varied.
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TABLE 3
_ H P Carbon
oy Peo Pco —_ E:D  10° deposition
: 1 2 z 7 2 CO pH rate
ke/em kelem kg/em? 7
7.25 1.67 0.91 4.1 4.6 58
7.45 1.62 1.9 4.6 3.9 4.2
7.53 1.62 2.46 1.8 3.8 42
7.66 1.76 4.36 © 4.4 30 s

Table 4 will show thar there is no real relation herween the H./CO ratie and carbon
deposition rate,

TABLE 4
Peg- . Carbon
PH, PCO Peo. — 10 deposition

H,/CO kg/em? kg/om® ke/om? | © Ha rate

4.6 7.46 1.62 1.90 3.9 4.2

4.2 1.1¢ 1.69 2.81 4.7 4.2

4.6 . 3.56 1.27 1.41 6.7 1o

4.3 394 0.91 1.13 15 17

The data in table § are for 2 series of tuns pressures were approximately consianr with
(zero alk.eat.) in which the hydrogen partial  varying CO pressurcs.

TABLE 5

P Carbon
Co :

pH, Peg ~— % 107 deposition
kg/om?® ke/cm? P H, rate
1n.a 2.60 2.2 11
11.8 1.76 1.3 5
10.3 0.63 0.6 3




1,439,067

10

15

20

25

G

73

80

85

The results show that the carbon deposirion
increases with the CO pressure. Overall, hence,
the carbon deposition depends on both the
CO and the H, partial pressures but nor
on the simple ratio IL/CO., The parzmerer

P GO/ pﬂ::

which because of the cubic power factor
stresscs the importance of the actusl pres-
sures involved, satisfactarily reflects the sim-
ation,

From the mathemarical namre of the carbon
deposition factor (the power fuctor “3” in the
hydrogen partial pressure being, of course
an approximation), it follows that one of the
simplest ways to decrease the ratc of carbon
deposition is to increase the torml pressure,
Thus a feed pas with 2 low H./CO ratie
which 4t low pressures results in high carbon
deposition rates, could be successfully utilised
by incressing the total pressure. This makss
possible the urilisation of lower ¥1,/CO ratio
guses which are chesper to mamufacture than
high H,/CO ratip gases.

WHAT WE CLAIM IS:—
1. Fischer*Tropsch synthests process for
converting gases comprising carhon monoxide

~and hydrogen (and carhon dioxide) in the

presence of a Fischer-Tropsch caralyst into
fhuid products ranging from paseous to hiquids
bolling up to and including the diesel oil range
comprising the fearure that it is carried out
at temperatures from 280°C vpwards and that
the “carbon depesition factor”, defined as

Peof| IJS?.(2 = HF

Peo
T % 107 {kg.'cm?®)~2
PH

2

carbon dep, factor

wherein pee and Pr

arc the partial pressures of carbon monoxide
and hydzogen measured in the feed gas entry
region of the conversion space i units of
kg/em?®, is adjusted to a value of up w® at
the most 8 (kg/om®)—= and that at the same
time the basicity of the catalyst 5 ser to a
value equal to that of a pure iren catalyst 10
which has been added between =zere and
0001 g K.O/m? (both values included) of
cifective catalyst surface, subject 1o the further
limitation that where the carbon depasition
faclor equals or cxceeds 4 (kg/fem* )=, the
basicity as ubove defined is less than §,0005 o
K.0/m= :

2. Process according o clajm 1, wherein
the upper limit of the carbor, deposidon factor
I & (kgfem®ys,

3. Process aceording to dlaim 1 or 2 carvied
oul with a catalyst having a basicity equal w
that of a pure irem catalyst promoted ex-
clusively with between G.00( and 0.0005 g
ReO/m? of effective caralyst suzface.

4. Process according to any one of claims 1
o 3 carried out with sz catdlyst having a
basicity equal w thar of a purc iron catalyst
promoted exclusively with up to 0.0002 Lo
K.O0/m* of effective caralyst surface and
wherein the upper Lmir of the carhon deposi-
ton factor is 4 (kg/cm®)—=.

5. Process according to clgim 1 wherein
the upper Hmits of basicity, taken as valucs
equal to a given pure iron catalyst promoted
exclusively with the stated amownt of K.0
and the corresponding upper limirs of the
“carbon deposition factar® are selecred in
accurdance with the following table

g K,0/m" of catalyst

3

4

0.0005
0.6002

and interpalated values as well as extrapoiared
values between the limits of 0.0001 and
0.001 g K,O/m>.

8. Frocess according to any one of claims
1 10 5 carried vut at a reactor pressare from
32 kg/fem® upwards,

7. Process according to claim 6, carried out
al a reactor pressure between 35 and 70
kgfome, :

8. Process according to any one of claims
1 1o 7 carried out at between 280°C agd
450°C,

9. Process according 1o claim 8 carried out
at between 300 and 400°C.

10. Process according 1o claim 9 carried oot
at between 300 and 360°C.

11. Process according to claim 10 carried
out at between 305 and 330°C,

12. Process according te any one of claims
1 to 11, carried out with the catalyst miain-
tained in an expanded condition by gas fow-
ing therethrough,

13. Process according o claim 12 carried
out with the catalyst in a gas-entrained condi-
tiow,

14. Pracess according m claim 12 carried
Oué with the catalyst in 2 moving fAuidized
bed.
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15. Process according to claim 12 carried
Gu:i with the catalys, in 2 stationary fluidiscd
bed.

16. Process according to any one of clajms
1 to 15, applied to the manufacture of high
thermal value gas.

17. Process according to any one of clajms
I to 16 wherein the upper limits of basicity,
taken as values cqual o a given pure iron
catalyst promoted exclusively with the siuted
amount of K. and the corresponding upper
limits of the “carhon deposition factor” are
selected In accordance with the following
formula;

_ C=13-ax104,
wherzin C is the carbon deposition factor
Pca

T 10° (g /ey
P B

and a is the basicity cxpressed in terms of
g/m* of KO evenly distributed in pure iron
catalyst 50 as rto attain thar particuiar basicity
within the limits of 0.0001 and 0.00 o
E.0/m2,

18. A muthod of controlling carbon deposi-
tion in Fischer-Tropsch synthesis between 300
und 340°C up to a predetermined “accept-
able” upper limir of

blg carbon/100 ¢ catalyst/day],

wherein the upper limits of basicity, taken as

values equal to a given pure iron catalyst pro-
moted exclusively with the stated amoune of
K0 and the correspending upper limits of
the “carbon deposition factor” are selected in
accordance with the following formula:

b .
C=—(13~ax 104,
4
wherein C is thc “carbon deposition factor

Pon

x 10°] (kg/om?)—*]
P’r

and a is the basicity expressed in terms of
g/m* of K0 evenly distributed in pure iron
caralyst 50 us t attain thar particular basicity,
with the limits of 0.001 and 0.001 g K.0/m®

18, Process according to claim 1 sub-
stantially as hereinbefore described.

20. A method of comrolling carbon deposi-
tion in Fischer-Tropsch synthesis substantially
as hercinbefore described by way of example.

21. Synthesis products whenever produced
by a process or with & method as claimed in
any onc of claims 1 to 20,

22. High thermal value gas whenever pro-
duced by & process or with a method as
claimed in any one of claims 1 1o 26.

EDWARD EVANS & CO,,
53/64 Chancery Lang, London, WC2A 18D,
Agents for the Applicants,

Printed for Her Majesiy's Stationury Office by the Coutier Press, Leamington Spa, 1976,
Published by the Patent Offhee, 28 Southampton Buildings, London, W2A 1AY, from
which copies may be obtained.
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